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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a phase shift mask having 
excellent film characteristics, such as weatherability, light 
resistance, electrical conductivity and refractive index by 
constituting light translucent parts of thin films consisting of 
materials consisting of nitrogen, metals and silicon as main 
constituting elements and specifying the content of the silicon to 
atom ratios of a specific range. 

SOLUTION: The mask patterns to be formed on the transparent 
substrate 1 of the mask for exposure of fine patterns comprises 
light transparent parts 2 to allow the transmission of the light of the 
intensity contributing to the exposure and light translucent parts 3 
to allow the transmission of the light of the intensity not 
contributing to the exposure. The phase of the light transmitted 
through the light translucent parts 3 is shifted to vary the phase of 
the light transmitted through the light translucent parts 3 from the 
phase of the light transmitted through the light transparent parts 2, 
by which the light rays transmitted near the boundaries of the light 
translucent parts 3 and the light transparent parts 2 are negated 
with each other. The light translucent parts 3 are composed of the 
thin films consisting of materials contg. the nitrogen, metals and 
silicon as the main constituting elements and the content of the 
silicon is specified to 34 to 60atom.%. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 

precisely. . 
2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




[Claim(s)] . . . . r „ rtinn i a m3LS k f or exposing a detailed pattern, 

Claim 1] The light transmission section which ^^^j^SS the mask pattern formed on 
and makes the light of the reinforcement whjch jontr ^^^^ transflective section 
a transparence substrate to exposure penetrate, nlrco^buteTexposure substantially 
which makes the light of the ™ nforc 7^ section, 
penetrate. And by shifting the phase of the light which P^^^^e section differ from the 
and making the phase of the light whtch penned ^J^StoSS^ shift mask which 
phase of the light which penetrated said light teansmi sion se cttonr isp 

Raises the contrast of the boundary section as the hghV ^ ^^3^ mutuaU y and suits, 
suburbs of said optical transflective section and :^T^^^^ eat of the component slack 
The phase shift mask characterized by ^f'^^ optical transflective 

fc&ehght transmission 

and makes the light of the reinforcement ^.^^^SSal transflective section 
a transparence substrate to exposure penetrate » C 2^^^^ 0TO substantially 
which makes the light of the 'reinforcement ^^^^^L transflective section, 
penetrate. And by shifting the phase of the light ^ which ^^^^^ section dif f er from the 
and making the phase of the light which p^^^^^^t^ shift mask which 
phase of the light which penetrated said light ^^^h pa^ed tnrough the boundary section 
raises the contrast of the boundary section as ^^SSS Section denies mutually and suits. 

Sffif molybdenum or titanium and ^^^^ a detailed pattern , 

[Claim 3] The light transmission section which ^^^^tSS^pattern formed on 
and makes the light of the reinforcement jjtadr ^XtSo cal transflective section 
a transparence substrate to exposure penetrate » ^^™^mte to exposure substantially 
which makes the light ^of the ^^f'^^^^^^ transflective section, 
penetrate. And by shifting the phase of the h ^^'*SS?i n rf|e^ section differ from the 
and making the phase of the light which penetrated this optica 1 tarns tiecu 

phase of the light which penetrated said light ^^^^^Z^Sry section 
raises the contrast of the boundary section as ^^^^^^^Sa^ mutually and suits. 
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6.0 in claim 1 thru/or a phase shift mask given l in 1 3. exposing a detailed pattern, 

[Claim 5] The light transmission section which ^^^S^^^^P^ formed on 
Lnd makes the light of the remforcement ^.^^^^^^ transflective section 
a transparence substrate to exposure penetrate » ? exposure substantially 

which makes the ^ °f the remforce^ 

penetrate. And by shiftmg the phase of the hgh ^^^^SS^nsfloive section differ from the 
Ld making the phase of the light ^f^^^^^^^sc shift mask which 

wmcCnst of molybdenum or ftjanium -d « J-*"*^ t0 Cairn 1 «o 5 - 

[Claim 7] The phase shift mask blank which .s a phase shaft ^larik ^ed as a ™ P ^ 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] This invention relates to the phase shift mask, the phase shift mask blank, 
and its manufacture approach of a halftone mold especially by giving phase contrast between the 
exposure light which penetrates a mask about the phase shift mask blank and its manufacture 
approach as the phase shift mask which enabled it to improve the resolution of an imprint pattern, 
and its material. 

[Description of the Prior Art] In recent years, reservation of high-resolution-izing which is two 
important properties required of photolithography, and the depth of focus has an opposite relation, 
and it was shown clearly only by a raise in NA of the lens of an aligner, and short wavelength-ization 
that usable resolution could not be improved (monthly publication Semiconductor World 1990.12, 
the 60th volume November [the] issue of application physics (1991), etc.). 

[00031 The phase shift lithography attracts attention as a next-generation photolithography technique 
under such a situation. A phase shift lithography does not add modification to optical system, but is 
the approach of raising the resolution of optical lithography by modification of only a mask, and 
enables it to improve resolution by leaps and bounds by giving phase contrast between the exposure 
light which penetrates a photo mask using interference between the transmitted lights. 
[00041 A phase shift mask is a mask which has information on the strength [ optical ] and topology 
simultaneously, and various types, such as the Levenson (Levenson) mold, an auxiliary pattern 
mold, and a self-align mold (edge enhancement mold), are known. Compared with the conventional 
photo mask which has only information on the strength [ optical ], these phase shift masks have a 
complicated configuration, and manufacture also takes an advanced technique to them 
[0005] As one of the phase shift mask of this, the phase shift mask called the so-called halftone mold 
phase shift mask is developed in recent years. 

[00061 Since the optical transflective section will have two functions of the protection-from-hgnt 
function which intercepts exposure light substantially, and the phase shift function to which the 
phase of light is shift ( it is usually reversed), this halftone type of phase shift mask does not need to 
form separately a light-shielding film pattern and a phase shift film pattern, and has the description 
that a configuration is simple and manufacture is also easy. 

[00071 The light transmission section 2 which makes the light of the reinforcement which contributes 
substantially the mask pattern formed on the transparence substrate 1 to exposure as the phase shift 
mask of a halftone mold is shown in drawing 1 penetrate (transparence substrate outcrop), It 
constitutes from the optical transflective section (phase-shifter [ the protection-from-hght section- 
cum-] section) 3 which makes the light of the reinforcement which does not contribute to exposure 
substantially penetrate (this drawing (a)), and the thing it is made for the phase of the light which 
was made to shift the phase of the light which penetrates this optical transflective section, and 
penetrated the optical transflective section to become the relation substantially reversed to the phase 
of the light which penetrated the light transmission section - (-- this drawing (b)) - The light which 
passes near the boundary section of the optical transflective section and the light transmission 
section and turned to a partner's field mutually by diffraction phenomena denies mutually, and it is 
made to suit, it makes optical reinforcement in the boundary section zero mostly, and raises (this 
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t00™s phase shift mask constitutes ^ y ^^["e„en,. 
consists of metals, such as molybdenum, s. .con, and matter **£""____ (it abbreviates to 

^iTm— since oxide accumulated ^J^X^SS^^^ 

mOlSIFurtiSnnore since the relation between a film presentation and film properties such as add 
S:SSSes S , conduct! vity, ^^^SS — 
selectivity, was not solved, Since it is not the ^^3?SSS2Sd about the both sides of light 
process etc. into consideration even if it has the °P&?£™£ g££ ^ it let a manu f ac ture 

*— 

phase shift mask could not be obtained. mpnti nn e d above and aims at offer of the phase 

transmission, the amount of phase shifts, and etch selectivity. 

IS for Solving the Problem] .n order to attain ; the *^ a 
mask of this invention The ^SSStS Sbu.es aubsmntiall/the mask 

detailed pattern, and makes the light of the ™ mt ° rcOT /"™"„' It ^..innes from the optical 
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transflective section, and making the phase of the light which penetrated this optical transflective 
section differ from the phase of the light which penetrated said light transmission section It is the 
phase shift mask which raises the contrast of the boundary section as the light which passed through 
fhe boundary section suburbs of said optical transflective section and light transmission section 
denies mutually and suits. While constituting said optical transflective section from a thin film which 
consists of matter which uses nitrogen, a metal, and silicon as a main component, it has considered 
as the configuration which made content of the component slack silicon of the matter which 
constitutes this thin film 34 to 60 atom %. t - • 

[00181 Moreover, the light transmission section which the phase shift mask of this invention is 

section 1 a mask for exposing a detailed pattern, and makes the light of the reinforcement which 
contributes substantially the mask pattern formed on a transparence substrate to exposure Penmate 
It constitutes from the optical transflective section which makes the slight of the remforcement which 
does not contribute to exposure substantially penetrate. And by shifting the phase of the light which 
penned Ms optical trLflective section, and making the phase of the light which penetrated this 
optical transflective section differ from the phase of the light which penetrated said light 
Emission section It is the phase shift mask which raises the contrast of the boundary section as 
Sgh which passed through the boundary section suburbs of said optical transflective section ^ 
Ught transmission section denies mutually and suits. While constituting said optical transflective 
section from a thin film which consists of matter which uses nitrogen, a metal, and silicon as a main 
component, said metal is considered as the configuration which made content ^canpc^ 
slack silicon of the matter which consists of molybdenum or titanium and constitutes this thin film 

[Om^fFuSrmore, the light transmission section which the phase shift mask of this invention is 
section ] a mask for exposing a detailed pattern, and makes the light of the reinforcement which 
coSutis substantially the mask pattern formed on a transparence substrate to exposure podn^ 
ft constitutes from the optical transflective section which makes the light of the reinforcement which 
does no^ontribute to exposure substantially penetrate. And by shifting the phase of the hgh which 
penetrated this optical transflective section, and making the phase of the hght which penetrated this 
optical transflective section differ from the phase of the light which penetrated [said light 
ttansmission section It is the phase shift mask which raises the contrast of the boundary section ,as 
tough which passed through the boundary section suburbs of said optical transflective section and 
H_h ti^Tmfssion section denies mutually and suits. While constituting said optical transflective 
Tt on from a thin film which consists of matter which uses nitrogen, a metal, ^sihcon^ m^n 
component, said metal consists of molybdenum or titanium and is conside red » 
which made sheet resistance of the substrate in which this thin film was formed lkohm/* -1.5M 

furthermore, the phase shift mask of this invention is considered as the configuration whose 
atio of -atonic % of the component slack metal of the matter which constitutes said thin film, and 
silicon is metal silicon =1:1.5-6.0 in the phase shift mask of above-mentioned this invention. 
SS] Moreover the light transmission section which the phase shift mask of this invention is 

section ] a mask for exposing a detailed pattern, and makes the light ^^^^ 
contributes substantially the mask pattern formed on a transparence substrate to exposure penetrate 
ft ^stitotes from the optical transflective section which makes the light of the remforcernent which 
does ^^ot contribute to exposure substantially penetrate. And by shifting the phase of the hghr which 
penetrated this optical transflective section, and making the phase of the light which penetrated this 
optical transflective section differ from the phase of the light which penetrated said light 
Emission section It is the phase shift mask which raises the contrast of he boundary section i as 
the light which passed through the boundary section suburbs of said optica transflective ^n and 
light transmission section denies mutually and suits. While constituting said optical ^sflective 
section from a thin film which consists of matter which uses nitrogen, a metal, and silicon as a main 
component, said metal is considered as the configuration which made content of *e c omponent 
slack nitrogen of the matter which consists of molybdenum or titanium and constitutes this thin film 

[0022] forthTrmore, the matter with which the phase shift mask of this invention constitutes said thin 
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film in the phase shift mask of above-mentioned this invention — a component — the matter which 
makes content of silicon 30 to 60 atom %, and constitutes said thin film — a component — it has 
considered as the configuration which made content of nitrogen 30 to 60 atom %, and made content 
of nitrogen higher than the content of silicon. 

[0023] Moreover, the phase shift mask blank of this invention is a phase shift mask blank used as a 
material of the phase shift mask of above-mentioned this invention, and is considered as the 
configuration in which the thin film which consists of matter which uses nitrogen, a metal, and 
silicon as a main component was formed on the transparence substrate. 
[0024] 

[Function] While the phase shift mask of this invention constitutes the optical transflective section 
from a thin film which consists of matter which uses nitrogen, a metal, and silicon as a main 
component By specifying the content (atomic %) and the ratio of each component in this thin film 
While having the optical transflective section excellent in film properties, such as acid resistance, 
lightfastness, conductivity, a refractive index (thickness), transmission, and etch selectivity, and 
filling optical properties (light transmittance, the amount of phase shifts, etc.) with high precision, 
there are also few defects. 

[0025] It can manufacture easily [ in the high yield ] and cheaply the phase shift mask which has the 
optical transflective section with few defects while it fills an optical property with high precision, 
since the phase shift mask blank of this invention has the optimal film property which took the 
manufacture process etc. into consideration. Furthermore, by this invention, the phase shift mass 
KUKUBU rank which has the optical transflective section excellent in the above-mentioned film 
property can be stably manufactured without a defect by using the target of a specific presentation. 
[0026] Hereafter, this invention is explained to a detail. 

[0027] The thin film which consists the optical transflective section in a halftone mold phase shift 
mask of matter which uses a metal, silicon, and nitrogen as a main component constitutes from this 
invention. Thus, although acid resistance improves and discharge is stable with constituting the 
optical transflective section from a thin film which does not contain oxygen compared with the case 
where oxygen is included, it cannot be said that just this is enough. 

[0028] Here, as a metal, although molybdenum, a tantalum, a tungsten, titanium, chromium, etc. are 
mentioned, when a film property etc. is taken into consideration, molybdenum or titanium is 
desirable. 

[0029] The integrated state of the matter which constitutes the optical transflective section is 
complicated, and cannot generally be said. This is because it is not appropriate for SiN, MoSiN, 
MoN, etc. to be intricately related and to write with a simple chemical formula in the nitride of 
molybdenum and silicon. Moreover, about the ratio of a component, it is complicated in the depth 
direction because of component ratios differing etc., and cannot generally say to it. 
[0030] As matter which uses as a main component the metal which constitutes the optical 
transflective section, silicon, and nitrogen Molybdenum and silicon (it abbreviates to a MoSiN 
system ingredient) which were specifically nitrided, The nitrided tantalum and silicon (it abbreviates 
to a TaSiN system ingredient), the nitrided tungsten, and silicon (it abbreviates to a WSiN system 
ingredient), The nitrided titanium and silicon (it abbreviates to a TiSiN system ingredient), the 
nitrided chromium, silicon (it abbreviates to a CrSiN system ingredient), etc. are mentioned. In 
addition, a minute amount or optimum dose **** is sufficient as these matter in carbon, hydrogen, a 
fluorine, helium, etc. as the compound of these matter, or mixture with these matter in the range 
which does not spoil the function as the optical transflective section. 

[0031] In this invention, matter, such as mixture with the nitride of molybdenum silicide, the nitride 
of tantalum silicide, the nitride of tungsten silicide, the nitride of titanium silicide or more than a 
kind of these matter, silicon nitride, and/or a metal nitride, is also included as matter which 
constitutes the optical transflective section, for example. 

[0032] moreover — this invention ~ for example — Matter generally written conventionally, such as 
nitriding molybdenum silicide (MoSiN), tantalum nitride silicide (TaSiN), nitriding tungsten silicide 
(WSiN), and titanium nitride silicide (TiSiN), is also included as matter which constitutes the optical 
transflective section. 

[0033] The optical transflective section has two functions of the protection-from-light function 
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which intercepts exposure light substantially, and the phase shift function to which the phase of light 
is shifted. 

[0034] Since the values of these functions differ according to the exposure light source at the time of 

mask use, and its wavelength, they need to correspond to the exposure light source to be used and its 

wavelength, and need to design and choose the value. As the exposure light source and its 

wavelength, i line (wavelength of lambda= 365nm) of a mercury lamp, g line (wavelength of 

lambda= 436nm) of a mercury lamp, a KrF excimer laser (wavelength of lambda= 248nm), an ArF 

excimer laser (wavelength of lambda= 193nm), etc. are mentioned, for example. 

[0035] The amount of phase shifts of the optical transflective section is controlled by adjusting the 

refractive index (a damping coefficient being included) which becomes settled according to the film 

presentation (nitrogen content (atomic %), silicon content (atomic %), metal content (atomic %)) of 

the film which constitutes the optical transflective section, and thickness. 

[0036] If the refractive index of lambda and the optical transflective section is set to n for the 

wavelength of phi and exposure light, the thickness d of the optical transflective section can 

determine the amount of phase shifts by the following (1) formula. 

[0037] 

d=(phi/360) x [lambda/(n-l)] (1) 

[0038] (1) Although it is most desirable from a viewpoint of the improvement in resolution that it is 
180 degrees as for the amount phi of phase shifts in a formula, you may be 160 degrees - about 200 
degrees practical. 

[0039] Although the light transmittance (protection-from-light engine performance) to the exposure 
light of the optical transflective section is based also on the sensibility of the resist used in the case 
of pattern formation, such as a semiconductor device, about 2 - 20% of generally it is desirable. 
Since the phase effectiveness is [ the one where permeability is higher ] high within the limits of this, 
the higher one of light transmittance is desirable. However, in the case of the Rhine & tooth space, 
the one where permeability is lower is desirable, and when it is the pattern of the Hall system, the 
one where permeability is higher is desirable [ in the case of]. 

[0040] The light transmittance of the optical transflective section can control the nitrogen content in 
the film which constitutes the optical transflective section (atomic %), silicon content (atomic %), 
and metal content (atomic %) by mainly adjusting. 

[0041] In this invention, it is characterized by specifying the content (atomic %) and the ratio of each 
component in the thin film which consists of matter which uses as a main component the nitrogen, 
the metal, and silicon which constitute the optical transflective section. 

[0042] This is because it is necessary to determine the presentation of the thin film which cannot say 
that just this is enough but constitutes the optical transflective section, taking a manufacture process 
etc. into consideration, although making coincidence satisfied with the film of a monolayer of light 
transmittance and the value optimal about the both sides of the amount phi of phase shifts are the 
absolute conditions required of the optical transflective section. 

[0043] It is specifically strong in acids, such as a sulfuric acid used as pretreatment of washing in a 
mask production process, washing at the time of mask use, etc., or a penetrant remover, and it 
necessary to consider as a film presentation which a gap does not produce in the permeability and 
phase contrast which were set up by acid cleaning. 

[0044] Moreover, it is necessary to consider as the film presentation which was excellent in 
conductivity for the charge-up prevention at the time of the stability at the time of membrane 
formation, or mask processing. Since a compound (oxide) accumulates on a target front face 
(especially non-erosion field) and discharge becomes unstable in detail at the time of membrane 
formation of a phase shift mask blank, the controllability of transmission and thickness gets worse 
and it is easy to produce a defect etc. in a blank. Moreover, if the conductivity of a mask blank is 
bad, drawing impossible or drawing precision will fall, or it will be easy to produce a defect etc. on a 
mask by the charge up at the time of mask processing. 

[0045] Furthermore, a refractive index is comparatively high and it is necessary to consider as the 
film presentation which can make thickness for reversing a phase thin. This is making thickness thin 
and is because the pattern destruction at the time of washing (scrub washing etc.) by mechanical 
friction etc. can be decreased from the level difference of a mask pattern becoming small as well as 
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productivity improving. 

[0046] Moreover, it is necessary to consider as a film presentation to which etch selectivity with a 
quartz substrate etc. becomes good. This is for minimizing the amounts of etching, such as a quartz 
substrate, and avoiding fluctuation of the amount phi of phase shifts. 

[0047] In this invention, the content (atomic %) and the ratio of each component in the thin film 
which constitutes the optical transflective section are specified from each above-mentioned 
viewpoint. Under the present circumstances, since the film presentation in the field (surface layer) of 
the fixed depth affects detergency, conductivity, etc. from the front face of the optical transflective 
section, it is important. 

[0048] In this invention, content of the silicon in the thin film which consists of matter which uses as 
a main component the nitrogen, the metal, and silicon which constitute the optical transflective 
section is made into 30 to 60 atom %. 

[0049] The content of silicon mainly affects permeability. High transmission becomes is it hard to be 
obtained that the content of silicon is under 30 atom %, and if 60 atom % is exceeded, etch 
selectivity with a quartz substrate etc. will fall. As for the content of this viewpoint to silicon, it is 
more desirable to consider as 40 to 50 atom %. 

[0050] It is desirable that the ratio of the metal in the thin film which consists of matter which uses 
as a main component the nitrogen, the metal, and silicon which constitute the optical transflective 
section from this invention, and atomic % of silicon sets to metal:silicon =1 : 1.5-6.0. 
[0051] The ratio of a metal and silicon mainly affects acid resistance and lightfastness. Acid 
resistance worsens that the ratio of a metal and silicon is less than 1.8, and resistance will become 
high if 6.0 is exceeded. As for the ratio of this viewpoint to a metal and silicon, it is more desirable 
to be referred to as metahsilicon =1 :2. 0-5.0. 

[0052] It is desirable to make into 30 to 60 atom % content of the nitrogen in the thin film which 
consists of matter which uses as a main component the nitrogen, the metal, and silicon which 
constitute the optical transflective section from this invention. 

[0053] The content of nitrogen mainly affects transmission and an etching property like silicon. 
Since high transmission becomes is it hard to be obtained that the content of nitrogen is under 30 
atom %, and an etching rate will become extremely quick if 60 atom % is exceeded, CD control 
becomes difficult. 

[0054] It is desirable to make into lkohm/** - 1.5 M omega / ** extent sheet resistance of the 
substrate (blank) in which the conductivity of a thin film and a thin film were formed, by specifying 
the content (atomic %) and the ratio of each component in the thin film which consists of matter 
which uses as a main component the nitrogen, the metal, and silicon which constitute the optical 
transflective section from this invention. 

[0055] Conductivity (sheet resistance) mainly affects the target discharge stability at the time of 
membrane formation, and the charge-up prevention engine performance at the time of mask 
processing. It is desirable that they are below 1.5 M omega / **, and in order to acquire the discharge 
stability at the time of membrane formation especially, as for sheet resistance, it is desirable that they 
are below 1 M omega / **, and in order to prevent the charge up at the time of mask processing, it is 
desirable [ sheet resistance ] that they are below 0.5 M omega / **. 

[0056] In addition, in order to obtain the thin film of the above-mentioned presentation, securing the 
discharge stability at the time of membrane formation, it is desirable by carrying out sputtering of the 
target containing 70-95-mol % of silicon, and a metal in the ambient atmosphere containing nitrogen 
to form the phase shift layer containing nitrogen, a metal, and silicon, and to manufacture a phase 
shift mask blank. 

[0057] this is because the film which constitutes the optical transflective section of the Takamitsu 
permeability will not be obtained if discharge becomes unstable and it is fewer than 70-mol%, since 
it will be hard coming to apply an electrical potential difference on a target front face (erosion 
section) in DC sputtering (the electrical and electric equipment — a passage — hard — it becomes), if 
there are more silicone contents in a target than 95-mol%. 

[0058] In addition, the discharge stability at the time of membrane formation also influences 
membraneous quality, and if excelled in discharge stability, the optical transflective section of good 
membraneous quality will be obtained. 
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[0059] As shown in drawing 2 , the phase shift mask blank in which optical diffusion-shell 3a which 
has the above-mentioned specific presentation was formed on the transparence substrate 1 is 
contained in this invention. 

[0060] In the phase shift mask mentioned above and its manufacture approach, to the exposure 
wavelength to be used, a transparence substrate will not be restricted, especially if it is a transparent 
substrate. As a transparence substrate, a quartz substrate, fluorite, other various glass substrates (for 
example, soda lime glass, alumino silicate glass, aluminoborosilicate glass, etc.), etc. are mentioned, 
for example. 

[0061] Moreover, the lithography (photograph, electron ray) processes (resist spreading, exposure, 
development, etching, resist exfoliation, washing, etc.) of a series of common knowledge can 
perform pattern formation processing (pattern NINGU, mask processing processing), and it is not 
restricted especially. 
[0062] 

[Example] Hereafter, based on an example, this invention is further explained to a detail. 
[0063] The optical diffusion shell which consists of a thin film of the molybdenum nitrided by the 
front face of the manufacture transparence substrate of example 1 blank and silicon (MoSiN system 
ingredient) was formed, and the phase shift mask blank for KrF excimer lasers (wavelength of 
248nm) was obtained. 

[0064] Using the mixed target (Mo:Si=20:80-mol%) of molybdenum (Mo) and silicon (Si: silicon), 
it is the mixed-gas ambient atmosphere (Ar:10% and N2:90%, pressure: 1.5xl0-3Torr) of an argon 
(Ar) and nitrogen (N2), and, specifically, the thin film (931 A of thickness) of the molybdenum 
nitrided by reactive sputtering on the transparence substrate and silicon (MoSiN) was formed. 
[0065] The ESCA analysis result of the optical diffusion shell obtained above by drawing 3 is 
shown. 

[0066] For Mo, 12.5 atoms % and Si were [ 40.2 atoms % and N of the film presentation (the whole 
average) of the optical diffusion shell ] 47.3 atoms %s from drawing 3 . O is detected by the quartz 
substrate [ of the optical diffusion shell ], and front-face side by the ESCA analysis result. The front- 
face side of the optical diffusion shell oxidizes after membrane formation, and O of Si02 is detected 
by the substrate side by the interface. Thus, when it oxidizes, it will fall from 30 whose content of 
the nitrogen in this part that oxidized is the desirable range - 60 atom %. The value of each 
presentation characterized by this invention is considered by part for the principal part of the film 
except the front- face side in the direction of the film, and a substrate side. In addition, the thickness 
by the side of the front face where the thickness by the side of the quartz substrate which contains O 
to, for example, the thickness for the principal part which does not contain O occupying about 87.5% 
of the whole among optical diffusion shell contains O about 8.0% or less of the whole is about 4.5% 
or less of the whole. The ESCA analysis result of the optical diffusion shell which becomes drawing 
4 from the molybdenum and silicon (MoSiON) by which oxidization nitriding was carried out is 
shown for reference. 

[0067] In this invention, if it is going to produce the thin film of the nitrided molybdenum and 
silicon (MoSiN), the case where the MoSiN film for the principal part which O may be contained in 
a quartz substrate [ of the optical diffusion shell ] and front- face side as mentioned above (not 
necessarily surely contained), for example, does not contain O, and the film by the side of the front 
face containing O demonstrate a certain interaction cannot be said to be that there is nothing. In the 
semantics, the mode which contains O such near the front face is also contained in the thin film of 
the nitrided molybdenum as used in the field of this invention, and silicon (MoSiN) as one mode. 
[0068] In addition, by the above-mentioned ESCA analysis result, by part for the principal part of the 
optical diffusion shell, although O was hardly detected, O of the amount of extent which does not 
have effect in a film property substantially may be contained. Specifically, 02 of the amount of 
below pentatomic % extent may be contained in the optical diffusion shell. 
[0069] A film presentation (the whole average) and the permeability in the film property 
(wavelength 248) nm, thickness, and a refractive index are shown in drawing 5 . Moreover, the graph 
which shows the wavelength dependency of the light transmittance of the phase shift mask blank 
obtained above by drawing 6 is shown. 

[0070] Light transmittance [ in / in light transmittance / in / in the light transmittance in the 
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wavelength of 248nm of the obtained phase shift mask blank / 5% and the wavelength of 365nm / 
19% and the wavelength of 488nm ] was 40%. Moreover, the amount phi of phase shifts of this 
phase shift mask blank (phase angle) was 181 degrees, and the refractive index was 2.34. In addition, 
light transmittance was measured using the spectrophotometer (made in Hitachi: model 340), and the 
phase angle was measured using the phase contrast measurement machine (Lasertec make: MPM- 
248). 

[0071] The optical diffusion shell which consists of a thin film of the molybdenum by which 
oxidization nitriding was carried out, and silicon (MoSiON) was formed in the front face of the 
manufacture transparence substrate of example of comparison 1 blank, and the phase shift mask 
blank for KrF excimer lasers (wavelength of 248nm) was obtained. 

[0072] The mixed target (Mo:Si=33:67-mol%) of molybdenum (Mo) and silicon (Si: silicon) is 
specifically used. In the mixed-gas ambient atmosphere (Ar:84%, N20:16%, and pressure: 1.5x10- 
3Torr) of an argon (Ar) and nitrous oxide (N20) By reactive sputtering, the thin film (1378A of 
thickness) of the molybdenum by which oxidization nitriding was carried out, and silicon (MoSiON) 
was formed on the transparence substrate. 

[0073] A film presentation (the whole average) and the permeability in the film property 
(wavelength 248) nm, thickness, and a refractive index are shown in drawing 5 . The light 
transmittance in the wavelength of 248nm of the obtained phase shift mask blank was [ 1 80 degrees 
and the refractive index of the amount phi of phase shifts (phase angle) ] 1.90 2%. 
[0074] Since the refractive index is larger than the thin film which consists of the molybdenum and 
silicon (MoSiON) by which oxidization nitriding was carried out by making it the thin film which 
consists of the molybdenum and silicon (MoSiN) which were nitrided so that clearly from the above- 
mentioned example 1 , the example 1 of a comparison, and drawing 5 , thickness for making phase 
contrast into 180 degrees can be made small. 

[0075] Next, it investigated about the acid resistance when changing a film presentation and a film 
presentation ratio, lightfastness, and conductivity. 

[0076] The optical diffusion shell which consists of a thin film of the molybdenum nitrided by the 
front face of the manufacture transparence substrate of an example 2 <U> blank and silicon (MoSiN 
system ingredient) was formed, and the phase shift mask blank for KrF excimer lasers (wavelength 
of 248nm) was obtained. 

[0077] Using the mixed target (Mo:Si=30:70-mol%) of molybdenum (Mo) and silicon (Si: silicon), 
it is the mixed-gas ambient atmosphere (Ar:10% and N2:90%, pressure: 1.5xl0-3Torr) of an argon 
(Ar) and nitrogen (N2), and, specifically, the thin film (855A of thickness) of the molybdenum 
nitrided by reactive sputtering on the transparence substrate and silicon (MoSiN) was formed. 
[0078] The light transmittance (it can set in wavelength of 248nm) of the obtained phase shift mask 
blank was 2%, and the amount phi of phase shifts (phase angle) was about 180 degrees. In addition, 
light transmittance was measured using the spectrophotometer (made in Hitachi: model 340), and the 
phase angle was measured using the phase contrast measurement machine (Lasertec make: MPM- 
248). 

[0079] A film presentation (the whole average) (presentation ratio ****) and a film property 
(permeability, thickness, a refractive index, acid resistance, conductivity) are shown in drawing 7 . In 
addition, about acid resistance, small, "**" and change are large and "O" and change made [ what it 
was immersed in 120-degree C heat concentrated sulfuric acid (H2S04) for 2 hours, and change was 
not accepted in ] the thing outside tolerance "x" for the thing in tolerance. 

[0080] On the thin film which consists of the molybdenum and silicon (MoSiN) with which the mask 
processing above-mentioned phase shift mask blank was nitrided, the resist film was formed and the 
resist pattern was formed by pattern exposure and development. Subsequently, the patterns (a hole, 
dot, etc.) of the thin film which removes the exposed part of the thin film which consists of the 
molybdenum and silicon which were nitrided by etching (dry etching by CF4+02 gas), and consists 
of the molybdenum and silicon which were nitrided were obtained. After resist exfoliation, it was 
immersed in 100-degree C 98% sulfuric acid (H2S04) for 15 minutes, sulfuric acid treatment was 
carried out, the rinse was carried out with pure water etc., and the phase shift mask for KrF excimer 
lasers was obtained. 

[0081] The phase shift mask blank and the phase shift mask were obtained like the example 2 except 
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having formed the thin film (925 A of thickness) of the molybdenum nitrided on the transparence 
substrate, and silicon (MoSiN) using the mixed target (Mo:Si=20:80-mol%) into which the ratio of 
example 3 molybdenum and silicon was changed. 

[0082] A film presentation and a film property are shown in drawing 7 . 

[0083] The phase shift mask blank and the phase shift mask were obtained like the example 2 except 

having formed the thin film (969 A of thickness) of the molybdenum nitrided on the transparence 

substrate, and silicon (MoSiN) using the mixed target (Mo:Si=10:90-mol%) into which the ratio of 

example 4 molybdenum and silicon was changed. 

[0084] A film presentation and a film property are shown in drawing 7 . 

[0085] The optical diffusion shell which consists of a thin film of the molybdenum by which 

oxidization nitriding was carried out, and silicon (MoSiON) was formed in the front face of the 

manufacture transparence substrate of example of comparison 2 blank, and the phase shift mask 

blank for KrF excimer lasers (wavelength of 248nm) was obtained. 

[0086] The mixed target (Mo:Si=33:67-mol%) of molybdenum (Mo) and silicon (Si: silicon) is 
specifically used. In the mixed-gas ambient atmosphere (Ar:76%, N20:24%, and pressure: 1.5x10- 
3Torr) of an argon (Ar) and nitrous oxide (N20) By reactive sputtering, the phase shift mask blank 
and the phase shift mask were obtained like the example 2 except having formed the thin film 
(1278 A of thickness) of the molybdenum by which oxidization nitriding was carried out, and silicon 
(MoSiON) on the transparence substrate. 

[0087] A film presentation and a film property are shown in drawing 7 . 

[0088] The optical diffusion shell which consists of a thin film of the molybdenum nitrided by the 
front face of the manufacture transparence substrate of five to example 7 blank and silicon (MoSiN) 
was formed, and the phase shift mask blank for i lines (wavelength of 365nm) was obtained. 
[0089] The mixed target (Mo:Si=20:80-mol%) of molybdenum (Mo) and silicon (Si: silicon) is 
specifically used. In the mixed-gas ambient atmosphere (Ar:62-52%, 2:38 - 48% of N, a pressure: 
1.2 - 1.7xl0-3Torr) of an argon (Ar) and nitrogen (N2) By reactive sputtering, the phase shift mask 
blank and the phase shift mask were obtained like the example 2 except having formed the thin film 
(1 106-1 177 A of thickness) of the molybdenum nitrided on the transparence substrate, and silicon 
(MoSiN). 

[0090] A film presentation and a film property are shown in drawing 8 . In addition, light 
transmittance was measured using the spectrophotometer (made in Hitachi: model 340), and the 
phase angle was measured using the phase contrast measurement machine (Lasertec make: MPM- 
100). 

[0091] The optical diffusion shell which consists of a thin film of the molybdenum by which 
oxidization nitriding was carried out, and silicon (MoSiON) was formed in the front face of the 
manufacture transparence substrate of three to example of comparison 5 blank, and the phase shift 
mask blank for i lines (wavelength of 365nm) was obtained. 

[0092] The mixed target (Mo:Si=33:67-mol%) of molybdenum (Mo) and silicon (Si: silicon) is 
specifically used, mixed-gas ambient atmosphere [ of an argon (Ar) and nitrous oxide (N20) ] [(Ar: - 
- 86%) N20: 14% and pressure^. 5x1 0-6Torr (example 3 of a comparison), (Ar:85%, N20:15%, and 
pressure: 1.5xlO-6Torr) By] (example 5 of a comparison (Ar:83%, N20:17%, and pressure: 1.5x10- 
6Torr)) (example 4 of a comparison) By reactive sputtering, the phase shift mask blank and the 
phase shift mask were obtained like examples 5-7 except having formed the thin film of the 
molybdenum by which oxidization nitriding was carried out, and silicon (MoSiON) on the 
transparence substrate. 

[0093] A film property is shown in drawing 8 . 

[0094] Evaluation [0095] When Si in the film decreases so that a film presentation and film property 
drawing 7 may show, permeability gets worse and is in the inclination for acid resistance to also fall. 
On the contrary, when Si in the film increases, it turns out that permeability and acid resistance tend 
to improve. When it is desirable that it is 30% or more as for Si content in the film (atomic %) and 
acid resistance is taken into consideration from this, it is desirable that it is 40% or more. Moreover, 
when there is too much Si in the film, it turns out that it is in the inclination for resistance to become 
high. As for Si content in [ this to ] the film (atomic %), it is desirable that it is 60% or less. 
[0096] Moreover, as drawing 7 and drawing 8 show, it turns out that a refractive index and thickness 
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are controllable by adjusting the presentation in the film. 

[0097] In addition, the refractive index was comparatively high, and as well as productivity 
improving, since thickness for reversing a phase can be made very thin, since the pattern destruction 
at the time of washing by mechanical grinding etc. decreased and the etch rate was made very quick 
from the pattern level difference of a mask becoming small, it turned out that etch selectivity with a 
quartz substrate etc. is good. 

[0098] As drawing 7 and drawing 8 show a conductive pan, it turns out that conductivity (sheet 
resistance) is controllable by adjusting the presentation in the film. 

[0099] It is desirable that they are below 1.5 M omega / **, and in order to acquire the discharge 
stability at the time of membrane formation especially, as for sheet resistance, it is desirable that they 
are below 1 M omega / **, and in order to prevent the charge up at the time of mask processing, it is 
desirable [ sheet resistance ] that they are below 0.5 M omega / **. 

[0100] In the case of the example 2 of a comparison, since the conductivity of the film itself is bad, 
the oxidation nitride accumulates during membrane formation at the non-erosion section of a MoSi 
target, and discharge becomes unstable in connection with this, so that drawing 7 and drawing 8 may 
show. Therefore, the controllability of permeability and thickness might be bad and the defect etc. 
might arise on the film. 

[0101] On the other hand, in the case of examples 2-7, since the conductivity of the film itself was 
good, when discharge became unstable during membrane formation, there were nothings, therefore 
the controllability of permeability and thickness was good for it, and a defect etc. did not arise on the 
film further. Moreover, since the conductivity of a phase shift pattern is good, a pattern does not 
break with static electricity at the time of mask use. 

[0102] in addition, in DC spatter, when there were more silicone contents in a target than 95-mol%, 
since it was hard coming to apply an electrical potential difference on a target front face (erosion 
section) (the electrical and electric equipment — a passage — hard — it becomes), discharge became 
unstable. 

[0103] The blank of the molybdenum with which acid-proof this invention was nitrided, and silicon 
(MoSiN), and the blank of the molybdenum with which the oxidization nitriding of the example of a 
comparison was carried out, and silicon (MoSiON) were immersed in 100-degree C 96% sulfuric 
acid (H2S04), and acid resistance was investigated. 

[0104] The result is shown in drawing 9 . Drawing 9 shows change of the light transmittance (it can 
set in wavelength of 248nm) of the film to the immersion time amount to the sulfuric acid of these 
blanks, and the amount of phase shifts (it can set in wavelength of 365nm). 

[0105] the variation of the light transmittance of the molybdenum with which, as for the variation of 
the light transmittance of the molybdenum with which this invention was nitrided when it was 
immersed in a 100-degree C sulfuric acid for 120 minutes so that drawing 9 may show, and silicon 
(MoSiN), and the amount of phase shifts, the oxidization nitriding of the example of a comparison 
was carried out, and silicon (MoSiON), and the amount of phase shifts — receiving — respectively — 
light transmittance — about 1/8 and the amount of phase shifts — about — it was a small value of one 
sixth. 

[0106] Next, 100-degree-C sulfuric acid (H2S04) was replaced with the aqueous ammonia solution 
2 20-degree C%, and alkali resistance was investigated like the above-mentioned. 
[0107] The result is shown in drawing 10 . Drawing 10 shows change of the light transmittance (it 
can set in wavelength of 248nm) of the film to the immersion time amount to the aqueous ammonia 
solution of the blank of this invention and the example of a comparison, and the amount of phase 
shifts (it can set in wavelength of 365nm). 

[0108] the variation of the light transmittance of the molybdenum with which, as for the variation of 
the light transmittance of the molybdenum with which this invention was nitrided when it was 
immersed in a 20-degree C aqueous ammonia solution for 120 minutes so that drawing 10 may 
show, and silicon (MoSiN), and the amount of phase shifts, the oxidization nitriding of the example 
of a comparison was carried out, and silicon (MoSiON), and the amount of phase shifts — receiving - 
- respectively — light transmittance — about 1/5 and the amount of phase shifts — about — it was a 
small value of one third. 

[0109] The phase shift mask blank of the above-mentioned result to this invention was what is very 
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excellent in acid resistance. . Hrawine g and the acid-proof result in 

contrast, optical properties of change ^^Sshl-k^ned in the examples 2-7 
processing process, such as light ™»« 0 ™£i' l 2 Tthere were few gaps to the set 
Ld the amount of phase shifts (phase conttast) were properties, such as light 
point and they were excellent rn add °? *^ e 7 of ' a Tompanson and phase contrast, 

^^*SS*Z££Z£S- shift masx obtained in the examples 2-7 is 
;BlSuS& molybdenum with which Ught-fas. mis invention was 

^tSffi^ 

in wavelength of 365nm), and thickness was investigated^ _ a 

[01 15] The result is shown in diawmgjl . in addition - as a Krt- excimer 

company make - :LPX200cc was used { t in Ught 

nvenion is no. necessarily limited to me ^SSSS^S^rm «■ &>™ d M s » Utttring 

instead of Ar gas. as Ta W Ti, and Cr, may be used instead of Mo. 

[0121] Furthermore, in an example, metals, such as la, w, n, « 

[° 122 ] _ . ,. < fflKfW . thenhase shift mask of this invention While 

[Effect of the Invention] As exp lamed ^*ove *e pha^se shm ma ^ uses 

constituting the optical transflective section torn £ ton ^ ^ 
IraZSn^^ 

manufacture process etc. into consideration u KUKUBU rank which has the optical 

without a defect by using the target of a specific presentanon. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been 

precisely. , 

2 **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



translated by computer. So the translation may not reflect the original 
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